Objective: The diagnosis and management of oesophageal perforation continues to challenge clinicians. We present our experience of perforated oesophagus in a Tertiary Referral Centre for Thoracic and Oesophageal Surgery. Methods: Between 1985 and 2000, 75 patients (40 male) with oesophageal perforation were treated in out unit; age range 24 -89, median 63. Retrospective review of these cases has been performed. Results: There were 12 deaths (16%). With increases in time from perforation to diagnosis, there was a stepwise increase in the mortality rate. Immediate diagnosis 5%; early diagnosis (1 -24 h) 14%; late diagnosis (.24 h) 44% ðP $ 0:002Þ. Site of perforation, aetiology, and treatment strategy had no influence on mortality. The only independent predictor of mortality identified was time to diagnosis from perforation (beta 0.429, P ¼ 0:001Þ. Time to definitive management in those undergoing an operative procedure had no influence on outcome with multivariate analysis. Conclusions: Prompt recognition of the diagnosis of oesophageal perforation and rapid institution of supportive measures, followed by an appropriate, patient specific treatment option optimises the chance of a successful outcome. The wide range of presentation of oesophageal perforation necessitates individualisation of treatment. q
Introduction
Oesophageal perforations have long been recognised to be a cause for both high morbidity and mortality rates. Despite continuing advances in intensive patient support, published mortality ranges from 9 to 41% [1 -6] . As the regional Thoracic surgical unit, we provide a tertiary referral service for all oesophageal perforations occurring in Northern Ireland, population 1.7 million, and therefore have a heterogeneous group of patients presenting for treatment. We are involved with the care of all patients diagnosed with oesophageal perforation at our institution, and believe that very few patients from other hospitals in our region are managed without our advice being sought.
We report upon our experience of oesophageal perforations seen over a 16-year period (January 1985 -December 2000).
Patients and methods
Patients were identified from hospital records, operating theatre logbooks, and in the last 6 years, from the computerised thoracic surgical database. In total, there were 75 patients with the diagnosis of oesophageal perforation; (40 male (53%)). Their mean age was 61.3 (SD 15.3, range 23 -89) years. The diagnosis of oesophageal perforation was confirmed by oesophagoscopy, radiological contrast swallow study, by the presence of mediastinal air or subcutaneous empysema.
Statistical analysis
Univariate analysis methods included Student's t-, Fisher's exact and x 2 tests. The relationships between multiple factors were examined using linear regression analysis. Statistical analysis was performed using STATIS-TICA v5.0 for Windows (StatSoft Inc., Tulsa Oklahoma). A P value of less than 0.05 was considered to be significant.
Results
Seventy-five patients presented to our service between January 1985 and December 2000 with a diagnosis of oesophageal perforation. There were 12 deaths in total, giving an overall mortality of 16%.
Aetiology
Fifty-six of 75 patients (75%) presented following instrumentation of the oesophagus, 13 had a spontaneous cause for their perforation, with the remaining six patients having other aetiologies ( Table 1 ). The mortality for perforation due to instrumentation of the oesophagus was 14%, with eight deaths among 56 patients. Spontaneous perforation of the oesophagus resulted in a mortality of 15%, three deaths from 13 patients. Those patients who presented with a classical Boerhaave's syndrome history had a mortality of 10% (P . 0:05 compared with instrumental perforation).
In 20 of our patients (27%), there was an underlying diagnosis of malignancy, 17 of the oesophagus, with one each of pancreatic carcinoma, gastric carcinoma and breast carcinoma.
Site
The majority of perforations were situated in the thoracic oesophagus ( Table 2) . Perforation of the cervical oesophagus was associated with a lower mortality than thoracic perforation, but this failed to reach statistical significance.
Time to diagnosis
The time from presentation to recognition of the perforation had a significant impact on the outcome. We defined patients into immediate, early (1 -24 h), and late (greater than 24 h) groups, similar to previous authors [1, 3 -6,11-15] (Table 3) .
Extent of perforation
Of the 60 patients whose oesophageal perforation was of the thoracic oesophagus, 32 had leak of gastrointestinal contents breaching the pleura at the time of presentation. Of these, seven died (22%). In the 28 patients with their leak confined within the mediastinum, three died (11%, P . 0:05). However, the group of 32 patients with pleural soiling comprised 11 patients presenting after 24 h (34%), while of those without pleural soiling, three presented after 24 h (11%). There were no statistical differences between the sub-groups of patients presenting late or early.
Treatment methods
Overall, 58 patients underwent a surgical intervention (77%), and 17 were conservatively managed (23%) ( Table  4) . During the interval this study covers, the philosophy of treatment for perforations of the oesophagus was to excise any perforation of a resectable tumour, and to treat nonmalignant perforations with less extensive surgical interventions.
Surgical
Surgical interventions were individualised according to the patient's site of perforation, degree of extravasation of gastrointestinal contents, pre-operative diagnosis and overall clinical condition.
Drainage
The largest group of patients underwent an operative drainage procedure of some form. The aim of these procedures was drainage of any intra-thoracic collection, to minimise further loss of gastrointestinal contents, and to provide a route for enteral feeding (typically by insertion of jejunostomy). Three patients in this group had oesophageal cancer, but had previously been assessed and felt unfit for oesophageal resection.
Of these 30 patients, 20 presented within 24 h of their perforation, with only one death (5%), whilst four of the ten presenting late died (40%) ðP , 0:05Þ.
Resection
Of the 15 patients who underwent a resection, there were two deaths. Of the 15 patients undergoing resection of their oesophagus, ten had oesophageal cancer. The other five patients had resections for a variety of other reasons. Two were for benign strictures in the presence of oesophageal metaplasia (Barrett's oesophagus), and the others for one each of achalasia, oesophageal varices, and following perforation after repair of a para-oesophageal hernia.
In this group, two treatment strategies were employed. Resection and reconstruction of the perforated oesophagus at initial operation, or resection alone, with delayed reconstruction when the patient's clinical condition allowed. Of the 13 survivors, two had staged procedures. Of the patients who died, one had reconstruction at the initial operation, and the other had resection alone, due to his unstable clinical condition. All of the resections were performed on patients who were diagnosed within 24 h.
Primary repair
Of the 13 patients who had their perforation repaired without resection, only one died (8%). No patient undergoing primary repair of his or her oesophagus had malignancy. Three differing strategies were used. Nine patients had oversewing of the perforation alone. Two patients had repair of the perforation, with an anti-reflux procedure also (Nissen's and Belsey wraps), whilst two had repair, wrap and a contralateral myotomy of the lower oesophagus (Heller's type). The death in this group was a patient who underwent repair with Nissen's fundoplication 6 h following instrumental perforation. All of the primary repairs were performed on patients who were diagnosed within 24 h.
Conservative
Of the 17 non-operatively managed patients, four died (24%). Of these patients, 12 had benign disease, three had oesophageal tumour, but were deemed unfit for a surgical procedure, and two had malignancy remote from their oesophagus (breast and pancreatic tumours). Management strategies included additional oxygen, intravenous fluids and antibiotics, insertion of nasogastric tube for decompression of the stomach (performed under radiological guidance), nutritional support (enteral and/or parenteral), and insertion of appropriate percutaneous drains. In comparison there was 14% mortality in the surgically managed group. ðP . 0:05Þ. Eleven non-operatively managed patients presented within 24 h, with one death, compared to three deaths of six presenting late ðP . 0:05Þ.
Influence of malignancy
A total of 20 patients had an underlying diagnosis of malignancy. One of these patients had pancreatic carcinoma, and her oesophageal perforation occurred during ERCP and stent insertion for common bile duct stenosis. One patient had perforation during dilatation of a chemotherapy induced oesophageal stricture. Seventeen patients had oesophageal cancer. In this sub-group of patients, there were four deaths (P . 0:05 compared to benign disease).
Influence of pre-operative co-morbidity
Of the 12 patients who died, six had pre-existing cardiorespiratory disease (history of myocardial infarction, angina pectoris, COPD, atrial fibrillation, chronic heavy cigarette smoking). Of the patients who survived, 23 of 63 had similar pre-existing disease ðP . 0:05Þ.
Multivariate analysis
Multivariate analysis was performed looking at the Of all variables, only time from perforation to suspicion of diagnosis (with initiation of initial management) was predictive of mortality (P ¼ 0:001, beta ¼ 0.429 backward stepwise).
Although univariate analysis shows an increasing mortality rate with increasing time from perforation to diagnosis and from diagnosis to eventual surgical intervention (Table 5 ), in multivariate analysis there was no factor that independently predicted outcome.
Discussion
Oesophageal perforation continues to be a difficult condition to diagnose [7 -9] and treat effectively [10] . As with most recent series [2 -5,11-14] , the aetiology of perforation for the majority of our patients (75%) was instrumentation of the oesophagus. Our practice is to treat each patient on an individual basis. Naturally, functional status, extent of perforation, and time from perforation to presentation will vary between patients, therefore every patient must be individually assessed and their treatment strategy tailored to their findings. Factors that will influence the treatment modality are wide ranging. Mode of presentation, duration from perforation to presentation, clinical condition (degree of sepsis, haemodynamic status, pre-existing oesophageal disease i.e. malignancy, oesophagitis), co-morbidity and site of perforation.
Pre-existing cardio-respiratory disease did not influence the eventual outcome. However, roughly half of those who died had a history of some form of cardio-respiratory disease, whereas roughly one third of those who survived have a similar disease profile. With larger numbers, these differences may well have been significant. It has been our practice to treat perforated oesophageal cancer with resection, and to tend towards conservation of the oesophagus with benign disease. In our institution, we are consulted on all perforations of the oesophagus, regardless of the site or cause of the perforation. We use wide-ranging methods for treating our patients, from simple supportive measures, through oesophageal stenting and drainage procedures to radical excisions of the intra-thoracic oesophagus, with outcomes comparable to other published series [1, 15, 16] .
We chose two specific time periods during the course of a patient's treatment for analysis. The first was the length of time from onset of symptoms (the actual perforation of the oesophagus) to diagnosis of that perforation. The second was the length of time from diagnosis of oesophageal perforation to surgical procedure. The time from perforation to diagnosis was chosen because it is normally an exactly identifiable time period, and is not influenced by subsequent treatment. The second time-period was chosen because it does not overlap the first time-period, and is a measure of the patient's treatment in our institution, whatever the modality of treatment.
Analysing our outcomes, the most influential factor is the speed with which the perforation is recognised and appropriate treatment instigated. There were no demonstrable differences in outcome between treatment modalities. Oesophageal perforation is a rare condition, so despite this being one of the largest reported series, numbers in each group for comparison are small. There are inherent pitfalls when conclusions are drawn from detailed analysis of small numbers of patients. There may very well be differences between survivors and those who die, but the analysis lacks the required power to discriminate.
Univariate analysis indicates that both time from perforation to diagnosis, and time from diagnosis to surgical intervention have influence upon outcome. With multivariate analysis, however, time from diagnosis to surgical intervention fails to reach significance, whilst time from perforation to diagnosis is strongly predictive of outcome ðP ¼ 0:001Þ. This point is notably different from previously published series. This, taken together with the fact that conservatively managed patients do no worse than those receiving surgery ðP . 0:05Þ, leads us to believe that the initial steps taken upon admission with perforated oesophagus, namely resuscitation, nil orally and intra-venous broad spectrum antibiotics are of utmost importance. These steps will limit further loss of gut contents from the oesophagus, whilst supporting the circulation, and combating infection. In patients proceeding to surgery, this amounts to preoperative optimisation, a step which leads to improved outcomes in any circumstance.
We feel that these findings support the view that patients with oesophageal perforation should not automatically be taken to an operating theatre upon their diagnosis. Instead, a planned intervention undertaken on the next available operating list may be more appropriate, allowing an adequate period of resuscitation for the patient, and meaning that a fresh, complete operating team can perform what can be demanding surgery [17] .
Historically, spontaneous rupture of the oesophagus, namely Boerhaave's syndrome has been associated with a high mortality. This is not the case with our experience. Indeed, those patients with a classical Boerhaave's syndrome presentation had a mortality of 10%, with the mortality of patients with instrumental perforation being 14%. This runs contrary to a widely held belief that spontaneous perforations should fare badly compared to instrumental perforations.
Compared to older publications [5, 6, 11] , the mortality in our series is favourable, illustrating the increasing effectiveness of management strategies and the advances in care for the critically ill patient.
The lowest mortality rate was seen in the group of patients who had a cervical perforation (8%). However, this difference was not statistically significant from those with other sites of perforation. Lack of spillage of gut contents into the pleural spaces or peritoneum may account for this tendency towards survival, however, it must be remembered that infection tracking along tissue planes into the mediastinum is still a danger.
With perforation of the thoracic oesophagus, spillage of gut contents into the pleural cavities had a higher (22 vs. 11%) mortality than when soiling was confined to the mediastinum ðP . 0:05Þ. There were greater numbers of patients with pleural soiling presenting after 24 h. With multivariate analysis, whether there was spillage into the pleural cavities did not influence outcome.
This study is a retrospective review of our practice over the last 16 years, and so the interpretation of the data is more difficult than with other types of study design. There is no consistent objective physiological assessment available for comparison of these patients, clouding the issue further. Despite these shortcomings, this investigation is the third largest in the literature concerning oesophageal perforation, so we feel that we can make some recommendations on management and treatment options for this condition.
1. The speed with which the correct diagnosis is made, and appropriate therapy commenced is paramount. 2. The extent and severity of perforation will have a large influence on chosen treatment option. 3. Patient fitness and any pre-existing oesophageal disease will help determine the preferred management option. 4. Surgical intervention, if felt to be the best option, should be performed at the start of the next working day, following the commencement of initial conservative measures and resuscitation.
In conclusion, oesophageal perforation will continue to be a challenging, if rare, condition to manage effectively. Mortality rates will continue to frustrate, although there may be further reductions in the overall mortality rate. With the increasing incidence of oesophageal instrumentation (both diagnostic and therapeutic), the incidence of perforation will probably not diminish.
